Background Besides tobacco and alcohol, diet and inflammation have been suggested to be important risk factors for laryngeal cancer. In this study, we examined the role of diet-associated inflammation, as estimated by dietary inflammatory index (DII) scores, in laryngeal cancer in a multicentre case-control study conducted between 1992 and 2000 in Italy. Methods This study included 460 cases with incident, histologically confirmed laryngeal cancer, and 1,088 controls hospitalized for acute non-neoplastic diseases unrelated to tobacco and alcohol consumption. DII scores were computed from a reproducible and valid 78-item foodfrequency questionnaire. Logistic regression models controlling for age, sex, study center, education, body mass index, tobacco smoking, alcohol drinking, and non-alcohol energy intake were used to estimate odds ratios (ORs) and the corresponding 95 % confidence intervals (CIs). Results Subjects with higher DII scores (i.e., with a more pro-inflammatory diet) had a higher risk of laryngeal cancer. The OR was 3.30 (95 % CI 2.06, 5.28; p for trend \0.0001) for the highest versus the lowest DII quartile. When DII was considered as a continuous variable, the OR was 1.27 (95 % CI 1.15, 1.40) for a one-unit (9 % of the DII range) increase. Stratified analyses produced slightly stronger associations between DII and laryngeal cancer risk among Subjects \60 years old (OR quartile4vs1 = 4.68), overweight subjects (OR Quartile4vs1 = 3.62), and among those with higher education (OR Quartile4vs1 = 3.92). We also observed a strong combined effect of higher DII and tobacco smoking or alcohol consumption on risk of laryngeal cancer. Compared with non-smokers having low DII scores, the OR was 6.64 for smokers with high DII scores. Likewise, compared with non/moderate drinkers with low DII, the OR was 5.82 for heavy drinkers with high DII. Conclusion These results indicate that a pro-inflammatory diet is associated with increased risk of laryngeal cancer.
Introduction
Tobacco smoking and alcohol consumption are the main risk factors for laryngeal cancer [1] . In addition, there is an emerging appreciation of the role of inflammation and diet in the development of this cancer [2, 3] . The World Cancer Research Fund (WCRF) report in 2007, which combined other head and neck cancers and reviewed results from several epidemiological studies, concluded that there was a probable protective role of non-starchy vegetables, fruits, and carotenoid-rich foods, and a strong carcinogenic role for alcohol [4] .
Inflammation is the body's response to any kind of tissue injury or insult, in the presence of inflammatory stimulants including cytokines [5, 6] . Chronic inflammation-which is characterized by the presence of inflammatory cytokines-is known to play a role in the development of various epithelial neoplasms, including laryngeal cancer [2, 7] .
Diet represents a complex set of exposures that often interact, and whose cumulative effect modifies both inflammatory responses and health outcomes. A literaturederived, population-based dietary inflammatory index (DII) was developed to assess the inflammatory potential of an individual's diet [8] . The DII has been validated with various inflammatory markers, including C-reactive protein [9, 10] , interleukin-6 [11, 12] , and homocysteine [10] . The DII has been associated with esophageal squamous cell cancer risk in case-control studies from Italy [13] and Iran [14] , as well as colorectal [15] , pancreatic [16] , hepatocellular [17] , prostate [18] , and endometrial [19] cancers.
Using a case-control study conducted in Italy [20] , this is the first attempt to examine the association between the DII and laryngeal cancer risk. Our working hypothesis is that increasing inflammatory potential of diet is associated with increased risk of laryngeal cancer.
Methods
A case-control study of laryngeal cancer was conducted between 1992 and 2000 in the greater Milan area and the province of Pordenone in northern Italy [20] . Cases were 460 subjects (415 men, 45 women; median age 61 years; range 30-80 years) diagnosed with incident, histologically confirmed squamous cell cancer of the larynx and admitted to major teaching and general hospitals in the study areas no longer than 1 year before the interview and with no history of cancer at other sites. Laryngeal cancer cases included 248 cases of cancer of the glottis [International Classification of Diseases (ICD)-IX, 161.0], 90 of the supraglottis (ICD-IX, 161.1), four of the subglottis (ICD-IX, 161.2), four of the laryngeal cartilage (ICD-IX, 161.3), three of overlapping lesions of larynx (ICD-IX, 161.8), and 111 cases of cancer from unspecified sites of the larynx (ICD-IX, 161.9). Controls were 1,088 subjects (863 men, 225 women; median age 61 years; range 31-79 years) admitted to the same hospitals as cases for a wide spectrum of acute non-neoplastic conditions unrelated to smoking or alcohol consumption or to long-term modifications of diet. Controls were frequency matched with cases by age (5-year groups), sex, and area of residence. To compensate for the rarity of laryngeal cancer in women, a control-to-case ratio of *5 was chosen for women as opposed to *2 for men. Twentynine percent of the controls were admitted for traumas, 36 % for other orthopedic disorders, 12 % for acute surgical conditions, and 23 % for miscellaneous other illnesses. Cases and controls were comparable in terms of age, sex, education, and body mass index (BMI). However, cases reported higher consumption of tobacco and alcohol than controls. Less than 5 % of both cases and controls contacted refused to participate. The study was approved by the appropriate ethics committees, and all procedures have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.
The same structured questionnaire and coding manual were used in each center, and all interviewers were centrally trained and routinely supervised. The questionnaire included information on socio-demographic characteristics, such as education and occupation, lifetime smoking and alcohol-drinking habits, anthropometric measures at various ages, a problem-oriented personal medical history, and family history of cancer. A reproducible [21] and valid [22] food-frequency questionnaire (FFQ) was used to assess the patients' usual diet in the 2 years preceding cancer diagnosis (for cases) or hospital admission (for controls). The FFQ included the average weekly consumption of 78 food items or food groups and of five alcoholic beverages. Intakes lower than once a week, but at least once/month was coded as 0.5/week. Nutrients and energy intake were estimated using an Italian food composition database, supplemented with other sources [23] .
FFQ-derived dietary data were used to calculate DII scores for each study subject. A complete description of the DII is available elsewhere [8] . Briefly, to calculate DII for the subjects in this study, the dietary data were first linked to a world database that provided a robust estimate of a mean and standard deviation for each food parameter included in the DII. These parameters then became the multipliers to express an individual's exposure relative to the ''standard global mean'' as a z-score. This was achieved by subtracting the ''standard global mean'' from the amount reported and dividing this value by the standard deviation. To minimize the effect of ''right skewing,'' this value was then converted to a centered percentile score (i.e., by doubling the percentile score and subtracting 1). The centered percentile score for each food parameter for each subject was then multiplied by the corresponding food parameter effect score, in order to obtain a food parameterspecific DII score. All of the food parameter-specific DII scores were then summed up to create the overall DII score for each study subject.
The DII scores computed based on this study's FFQ include data on 30 of the 45 food parameters comprising the DII: carbohydrates, proteins, fats, fibers, cholesterol, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids, omega 3, omega 6, niacin, thiamin, riboflavin, vitamin B6, iron, zinc, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, beta carotene, anthocyanidins, flavan-3-ols, flavonols, flavanones, flavones, isoflavones, caffeine, and tea. Alcohol and energy intake were included as covariates; hence, they were not included in the DII calculation. The DII was analyzed both as a continuous variable, with each point corresponding to &9 % of its range (5.00 to -5.48), and by quartiles of exposure computed among controls. Distributions of characteristics across quartiles of DII for controls and cases were computed, and differences were analyzed using the Chi-square test. Differences in food groups across quartiles of DII were determined using ANOVA. Odds ratios (ORs) and the corresponding 95 % confidence intervals (CIs) were estimated using logistic regression models, including terms for age (quinquennia), sex, study center, education (\7, 7-11, C12 years, categorically), BMI (\25, 25-30, C30 kg/m 2 , categorically), tobacco smoking (never smoker, ex-smoker, current smoker of \15, 15-24, and C25 cigarettes/day, categorically), alcohol drinking (\21, 21 to \35, 35 to \56, 56 to \84, C84 drinks/week, categorically), and non-alcohol energy intake (quintiles among controls). Tests for linear trend were performed using the median value within each quartile as an ordinal variable.
To investigate whether the effect of the DII was homogeneous across strata of selected covariates, we conducted analyses stratified by age, education, and BMI. We did not include results by sex because the number observations for women were too small. To test for homogeneity between strata, the difference between the -2 log(likelihood) of the models with and without the interaction terms was compared with the v 2 distribution with the same number of degrees of freedom as the number of interaction terms.
We then evaluated whether the actual interactions between alcohol or smoking and DII differed from either additive or multiplicative joint effects. In order to estimate the departure from additivity of effects, we used the relative excess risk due to interaction (RERI) and the synergy index (S) [24] . CI for the indices was obtained using the delta method [25] . In order to evaluate the significance of the multiplicative interaction, we used the likelihood ratio tests of significance comparing models including versus those excluding the interaction term.
Statistical tests were performed using SAS Ò 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
The mean DII value was 0.44 (standard deviation, SD = 1.41) among cases and -0.17 (SD = 1.41) among controls, indicating a more pro-inflammatory diet among cases. Control characteristics across quartiles of DII are provided in Table 1 . Participants in the highest DII quartile were more often females, elderly, normal weight, and more likely to be less drinkers. Table 2 shows the distribution of 10 food groups across DII quartiles among controls. Servings of fruit, vegetables, fish, and poultry decreased significantly across quartiles, whereas servings of pork, sugar, cheese, and desserts increased significantly. Table 3 gives the distribution of cases and controls according to quartiles of DII score, and the corresponding multivariable ORs, together with the continuous one. Subjects in the highest quartile had greater than a threefold excess risk of laryngeal cancer compared to subjects in the lowest quartile (OR Quartile4vs1 = 3.30, 95 % CI 2.06, 5.28, p trend\0.0001). When analyses were carried out using DII as a continuous variable, the OR was 1.27 (95 % CI 1.15, 1.40) for a one-unit (9 % of the DII range) increase in DII. Figure 1 shows the joint effects of DII and alcohol drinking or tobacco smoking on laryngeal cancer risk, controlling for centre and known confounders. Compared to the lowest risk category, i.e., never to moderate drinkers (less than four drinks/day) with lower DII scores (less than or equal to median), the OR for laryngeal cancer was 5.82 (95 % CI 3.62, 9.37) for heavy drinkers with the higher DII category (greater than median). RERI was 0.27 (p = 0.77), S was 1.06 (p = 0.77), and p value for multiplicative interaction was 0.08, suggesting a (borderline significant) negative multiplicative interaction. With reference to smoking, compared to never/exsmokers with the lower DII category, the OR for laryngeal cancer was 6.64 (95 % CI 4.52, 9.74) for current smokers with the higher DII category. RERI was 2.09 (p = 0.06), S was 1.59 (p = 0.05), and p value for multiplicative interaction was 0.94, suggestive of a (borderline significant) positive additive interaction of a pro-inflammatory diet with smoking in association with laryngeal cancer.
Discussion
In our Italian case-control study, a pro-inflammatory diet, as reflected in high DII scores, was strongly associated with an increased risk of laryngeal cancer. These results are in accordance with our previous results which showed protective effects of flavanones and flavonols [26] , fiber [27] , and various micronutrients [28] , all of which have antiinflammatory properties and are components of the DII. In addition, a diet rich in animal products and animal fats was positively associated with laryngeal cancer, whereas a diet rich in fruit and vegetables was negatively associated with laryngeal cancer [20] . In the pooled analyses within the international head and neck cancer epidemiology consortium, vitamin C was found to be protective against laryngeal cancer [29] , whereas no association was observed with coffee and tea intake [30] .
The effect of DII scores on the risk of laryngeal cancer appears to be multiplicative with tobacco smoking, but approximatively additive with alcohol as previously reported for other dietary components, such as vitamin C [29] and vitamin E [31] -thus leading to a six-fold excess risk for subjects with high DII and tobacco smokers/heavy alcohol drinkers.
One of the possible mechanisms for the positive association between the DII and laryngeal cancer might be The sum does not add up to the total because of some missing values through the excess production of proto-oncogenic cytokines such as IL-6, IL-8, platelet-derived growth factor, and vascular endothelial growth factor in the tumor microenvironment which are then responsible for carcinogenic activities such as anti-apoptosis, tumor angiogenesis, and metastasis [32] . Hypoxia is a common state in cancers, and inflamed tissues are more likely to experience DNA damage and induction of tumorigenic factors. Furthermore, tissue vasculature is a vital part of its microenvironment, supplying oxygen, nutrients, and growth factors to rapidly dividing cells and providing a mechanism for metastatic spread [2] . Among the limitations of our study, there are the possible biases of hospital-based case-control studies, including selection and information bias. However, the same interview setting and catchment areas for cases and controls, and the almost complete participation, are reassuring with reference to selection bias. Moreover, only patients admitted to hospital for acute conditions unrelated to major changes in diet and other lifestyle factors were included, whereas subjects with admission diagnosis related to tobacco smoking, alcohol drinking, and diet modifications were not eligible controls. With reference to information, bias in the recall of food intake by cases should be small, given the limited knowledge and attention paid in this population at the time of the study to the possible relationship between diet and laryngeal cancer. The FFQ was satisfactorily reproducible [21] and valid [22] . With reference to confounding, we were able to carefully adjust for socio-demographic factors, tobacco smoking, and alcohol drinking-whose information was satisfactorily reproducible [33, 34] -as well as for energy intake. Among the strengths of the study are the large sample size, the high and variable consumption and diversity of fruits and vegetables in this Mediterranean population [35] .
Using the DII, a unique approach was taken by focusing on the inflammatory effects of 30 foods and nutrients. As such, it relies on reviewing and scoring of the peer-reviewed literature on the subject of diet and inflammation. Also, it standardizes individuals' dietary intakes of proand anti-inflammatory food constituents to world referent values that results in values that are not dependent on units of consumption and can be used for comparison across studies.
In conclusion, subjects who consumed a pro-inflammatory diet had an increased risk of laryngeal cancer compared to those who consumed an anti-inflammatory diet in this Italian population. This is the first study to examine this association, and the results suggest that increasing Odds ratios were estimated from multiple logistic regression models, including terms for age, sex, centre, education, body mass index, nonalcohol energy intake, and tobacco smoking and alcohol consumption when appropriate. RERI relative excess risk due to interaction, S synergy index
